The purpose of this study was (1) assess the effectiveness of near-infrared spectroscopy (NIRS) for evaluating visual function of people with severe motor and intellectual disabilities (SMID), and (2) investigate the inference of characteristics of visual stimuli to response from them and to dynamics of cerebral blood flow. Twenty-one SMID were presented Visual Task 1 which uses a photograph, and classified into four groups based on subjects' eye movement. Additionally, oxy-Hb which was most increased was measured. Results, the averages of oxy-Hb for "gaze" and "habituation" group were 0.45 and 0.83 mM*mm, "non-gaze" was almost 0 mM*mm, and "non-judgment" were resembled "gaze". In Visual Task 2 which uses a moving image, most subjects were classified in "gaze", and an oxy-Hb had increased. This study indicated that NIRS is an effective instrument for visual function evaluation, and that difference in the characteristics of stimuli could affect the responses and oxy-Hb of SMID.
Introduction
In Japan, people with severe motor and intellectual disabilities, termed people with SMID hereafter, live in institutions and get long-term living support and rehabilitation. This is an administrative program of Japanese government, and there are more than one hundred such institutions in Japan. It is often the case that people with SMID have difficulties in rolling over or walking by themselves and they cannot talk with others. Furthermore they cannot express themselves and have disorder in their upper limb function. These disabilities make it very hard for them to take action or respond to their ambient environment. The rehabilitation staffs realize that setting up suitable living environment and making personal rehabilitation program according to their disabilities are indispensable for them. However, the severity of their disabilities makes it difficult for the staff even to assess their developmental stage, especially mental development, properly.
Regarding mental development of people with SMID, Nakamura, Taniguchi, and Adachi (1990) reported that the abilities of sensory-motor intelligence, the orienting responses and the gazes have related to their intellectual development. The authors found that the people with SMID who could orientate to and habituate to visual stimuli were age of higher developmental stage and had higher activities of daily livings (ADL) performance (Nakamura, Sengoku, Nakajima, Yanagiya & Tachi, 2006) . The habituation is a reaction of the subject who was sated with the stimulus after having recognized the characteristics of it. Hotz et al. (2006) reported that an environment of intelligibly arranged physical sensory stimuli has im-proved their active behavior. Especially under so-called Snoezelen and Multi-sensory environment that gave moving visual stimuli with high contrast to people with SMID, they have continued exploring and paying attentions to the stimuli for longer duration of time (Hotz et al., 2006) . These findings indicate that it is necessary to properly measure their fixation to and gaze at stimuli for evaluating their mental development. And also setting up an environment, which promotes the fixation and the gaze of people with SMID, is important. However, even identifying the fixation is not easy in case the people with SMID have nystagmus or difficulty in controlling their head, since the identification is mainly done by just observation of rehabilitation staff.
Recently, the near-infrared spectroscopy (NIRS) has been introduced to evaluate human's response to visual stimuli. Although NIRS has low spatial resolution and provides only two-dimensional surface mapping, it was shown that NIRS was robust to subject's body movement (Takahashi et al., 2000) . Kato, Kamei, Takashima, and Ozaki (1993) employed NIRS to evaluate activity of optic area in the brain of normal adults for the first time. They have revealed that the changes in oxygenation hemoglobin concentration (oxy-Hb changes) in optic area had increased right after the onset of flashlight as visual stimuli, and decreased right after disappearing of the stimuli. The similar changes had been observed in infants (Taga, Asakawa, Maki, Konishi & Koizumi, 2003; Wilcox, Bortfeld, Woods, Wruck & Boas, 2005) . NIRS is simple equipment for measuring the brain activity but has a characteristic that the identification of visual stimuli can be measured objectively as the oxy-Hb changes in optic area. As NIRS has been used for infants, the authors considered that it is effective to evaluate the visual function of people with SMID who have difficulty in understanding the tests themselves. A multi-channel NIRS, which can monitor different sites in the brain simultaneously, is more suitable equipment to identify the activated sites of people with SMID within a short time period after the onset of a visual stimulus than other means to test the brain function, since such means make the subjects tightly restricted and then cannot be applied to people with SMID. In order to clarify the suitable living environment for people with SMID, dynamics of their cerebral blood flow and their responses along with changes of visual stimuli should be investigated with NIRS.
The purpose of this study was twofold: (1) assess the effectiveness of NIRS for evaluating visual function of people with SMID, and (2) investigate the inference of characteristics of visual stimuli to response from people with SMID and to dynamics of their cerebral blood flow.
Methods

Subjects
Twenty-one people with SMID (11 males and 10 females; age, 19 to 57 yr; mean age, 38.5 yr) participated in this study. All of them lived in institutions, and they needed to get full assistance in all of their ADL. Thirteen among of them were cerebral palsy, three were abnormal chromosome, two were aftereffect of hypoxic encephalopathy, two were intractable epilepsy, and one was aftereffect of cerebral meningitis. The results of Japanese Denver Developmental Screening Test (JDDST) (Ueda, 1980) showed that their developmental ages of gross motor activity were from zero to six months, and those of language development were from one to twenty three months. They did not have clear visual deficit, and they had blinking reflex. In addition, they could gaze at human faces or reach their hands to toys in their daily livings. These criteria for selecting subjects were chosen from the evaluation items that we have developed to apply for people with SMID by modifying the Visual Acuity Scores originally made by Katsumi et al. (Katsumi, Chedid & Kronheim, 1998) . Table 1 -1 and 1-2 show the profiles and visual activities of twenty-one subjects.
Seven normal adults (4 males and 3 females; age, 22 to 32 yr, mean age, 27.3 yr) who did not have anamnesis of visual function were recruited as controls for NIRS evaluation. The subjects with low visual acuity wore glasses or contact lens.
Visual tasks
The first task, termed Visual Task 1, was composed of four slides, numbered from 1 to 4. An illustration was drawn in the slide 1 to get subjects' attention paid to this task. Both the slides 2 and 4 were just black screen. These slides were added in order to make subjects resting. The slide 3 was a photo of Japanese infant face for subjects of people with SMID, while a photo of landscape for those of normal adults. We considered that the people with SMID and the normal adults were much interested in the photo of infant face and landscape, respectively.
The second task, termed Visual Task 2, was also composed of four slides, numbered from 1 to 4. The slides 1, 2 and 4 were identical to those of Visual Task 1. A moving image of the bubble unit of Snoezelen apparatus that was captured by a digital camera for 30 seconds was used for the slide 3 of Visual Task 2. The bubble unit is a clear tube filled with water in it and in which bubbles flow upward with gently changing colors as visual stimuli. Figure 1 shows a protocol to conduct Visual Task 1 and Visual Task 2. The slide 1 was presented to each subject until it was confirmed that the subject paid an attention to the slide. After that, the slide 2, 3 and 4 were presented for 30 seconds each in this order. Firstly, all subjects were tested with Visual Task 1. Secondly, Visual Task 2 was used only for people with SMID who were selected based on the result of Visual Task 1. The normal adults were required to gaze at the slides during all the time of Visual Task 1. Figure 2 illustrates the equipments and their settings for this study. A multi channel NIRS instrument (ETG-4000, Hitachi Medical) was used for this study. According as the International 10-20 System of Electrode Placement, the set of 22 optical fibers (gross area, 6 cm × 12 cm) was placed at subject's occipital area to measure oxy-Hb changes at 10 Hz of sampling rate. The lowest fibers were placed symmetrically at 0.5 cm directly above from inion. The slides of visual tasks were presented on a 19-inch LCD display (LCD92V-V, NEC) by using Microsoft ® Office PowerPoint 2003 software running on a mobile PC (CF-W5, Panasonic). A digital video camera (DCR-TRV30, SONY) was set up over the LCD display to capture the subject's eye movement. NIRS and the camera were synchronously controlled. People with SMID sat in front of the LCD display at a distance of 80-100 cm by Investigation item were employed from Visual Acuity Scores developed by Katsumi et al., which was modified by us to apply for people with SMID. "+" shows that an answer of an investigation item is "yes", "-" shows "no".
Equipments and their setting
using a seating system. For those who could not control their heads, we assisted their heads manually.
Analysis 1) Classify people with SMID Visual task 1: The first author and an occupational therapist who has 15 years of experience in the field of developmental disease classified people with SMID into four groups based on their eye movement during presenting the slide 3 of Visual Task 1: (a) subjects who gazed at the slide obviously but were not habituated to it were classified into "gaze group"; (b) subjects who gazed at the slide obviously and were habituated to it were classified into "habituation group"; (c) subjects who did not gaze at the slide obviously were classified into "non-gaze group"; (d) the other subjects were classified into "non-judgment group". For each subject, the two occupational therapists did the classification separately, and discussed on their classifications. After they agreed on the classifications, all the subjects were classified into one of the four groups.
Visual task 2: Subjects classified into groups of "nongaze group" and "non-judgment group" were furthermore tested with Visual Task 2. The first author and the occupational therapist classified them into three groups based on their eye movement during presenting the slide 3 of Visual Task 2: (a) subjects who gazed at the slide obviously were classified into "gaze group"; (b) subjects who did not gaze at the slide obviously were classified into "non-gaze group"; (c) the other subjects were classified into "non-judgment group". The procedure of the classification was same as that of Visual Task 1.
2) NIRS evaluation It is known that oxy-Hb changes show the same direction as the changes of blood flow but deoxy-Hb changes and the total Hb changes do not (Hoshi, 2005) . This is the reason why oxy-Hb changes have been widely used for an index of brain activities. We used the data of oxyHb changes obtained by the NIRS for the evaluation of brain activities of the subjects.
Visual task 1: Data measured by the NIRS were 5-seconds moving averages at 10 Hz of sampling rates. We used the data measured at two points of each 22 channels. One point was at the beginning time of presenting slide 3, termed B1, and the other one was at the time oxy-Hb changes be most increased, termed M1. Since the value of oxy-Hb changes is a relative value from the beginning of the measurement, the value of oxy-Hb changes at M1, termed M1 data, was recalculated by assuming the value at B1 be 0 mM*mm. Among of M1 data at 22 channels for a subject, we used the largest one as the subject's data.
We calculated the average of subjects' M1 data for each four groups and seven normal adults.
Visual task 2: Just like analysis of data from Visual Task 1, we used the data measured at two points of each 22 channels. One point was at the beginning time of presenting slide 3, termed B2, and the other one was at the time oxy-Hb changes be most increased, termed M2. The value of oxy-Hb changes at M2, termed M2 data, was recalculated by assuming the value at B2 be 0 mM*mm. Among of M2 data at 22 channels for a subject, we used the largest one as the subject's data. In order to discuss an inference of the difference of visual stimuli, we compared M1 data and M2 data.
In accordance with the regulations set forth by the Ethics Committee of Sapporo Medical University, this study has passed an examination of the Committee, and informed consent was obtained from all people with SMID or their parents and from all normal subjects.
Results
Visual task 1 1) Normal adults
By observing eye movements of seven normal adults, we confirmed that they gazed at the slides during all the time of Visual Task 1 as required. The average of M1 data for them was 0.36 ± 0.08 mM*mm.
2) People with SMID
Nine people with SMID were classified into "gaze group", seven of them were into "habituation group", two of them were into "non-gaze group", and three of them were into "non-judgment group". Table 2 shows M1 data. The averages of M1 data for "gaze group" and "habituation group" were 0.45 and 0.83 mM*mm, respectively. M1 data of two subjects in "non-gaze group" were 0.019 and 0.005 mM*mm, while those of three subjects in "nonjudgment group" were 0.263, 0.251 and 0.207 mM*mm. From these results, the M1 data of subjects in "gaze group" and "habituation group" is greater than those in "non-gaze group".
Visual task 2 Table 3 shows the results of classifications and NIRS data obtained from both Visual Task 1 and Visual Task 2. All subjects in "non-gaze group" and two of three subjects in "non-judgment group" classified after Visual Task 1 were classified into "gaze-group" as a result of Visual Task 2, and the M2 data had increased.
Discussion
The M1 data of normal adults
Some previous studies on evaluating visual function of infants and normal adults by using NIRS have employed flashing stimuli or checkerboard as visual stimuli (Takahashi et al., 2000; Kato et al., 1993 , Taga et al., 2003 Obrig et al., 2002) . These stimuli were originally used to measure visual evoked potential to diagnose organic disorders in visual pathway. Since our study was aimed to evaluate visual function of subjects in the environment like their daily livings, we used a photo of landscape. As a result, we could confirm that the M1 data of all normal adults increased after seeing the photo of landscape just like the previous studies using flashing stimuli or checkerboard. Csibra et al. (2004) has also reported that oxy-Hb changes have increased at occipital lobe of normal adults during presenting a photo of human face as a visual stimulus. From these results, it is suggested that NIRS can be used to evaluate oxy-Hb changes by using even not specific stimuli such as a landscape picture and a photo of human face.
The M1 data of people with SMID
The M1 data of subjects in "gaze group" and "habituation group" were larger than those of subjects in "nongaze group". In some previous studies it has been reported that the increase and decrease of oxy-Hb changes of infants and normal adults corresponds to the On-Off of vi-sual stimuli (Kato et al., 1993; Taga et al., 2003) . From these results, it is suggested that the oxy-Hb changes in SMID people from "gaze group" and "habituation group" derived from active gaze at the stimulus. The M1 data of subjects in "non-gaze group" were almost zero. We considered that the behavior of "non-gaze" could be detected by the value of M1 data being almost zero. The M1 data of subjects in "non-judgment group" were similar to those of normal adults. In addition, we confirmed that they watched TV and reached out for toys in their daily livings. A study using a checkerboard with infants and normal adults has reported that oxy-changes at occipital lobe were about 0.1mM*mm (Takahashi et al., 2000; Taga et al., 2003) . As the M1 data of subjects in "non-judgment group" were larger than 0.2mM*mm, we considered that they at least watched the visual stimuli, and they may show clear gaze at some other stimuli in which they are more interested.
An inference of the different characteristics of visual stimuli toward people with SMID
Four subjects out of five classified into "non-gaze group" or "non-judgment group" after Visual Task 1 were classified into "gaze group" as a result of Visual Task 2, and their M2 data increased. It suggests that a visual stimulus with high contrast and changing colors or figures, such as a bubble unit, can lead an active gaze of people with SMID. In previous papers, it was reported that people with SMID have continued exploring and paying attentions to the stimuli for longer duration of time under Snoezelen and Multi-sensory environment (Hotz et al., 2006; Kaplan, Clopton, Kaplan, Messbauer & McPherson, 2006) . Yashiro, Ozawa, and Fujimura (1998) have reported that people with SMID of from zero to six months developmental age were more interested in various kinds of sensory stimuli of Snoezelen among people with SMID of from zero to eighteen months developmental age. The The number of people classified into "non-gaze group" and "non-judgment group" was few; mean M1 data were not calculated. language developmental ages of people with SMID who were classified into "non-gaze group" or "non-judgment group" after Visual Task 1 in this study were from one to seven months by JDDST. From this result and NIRS data from subjects classified into "non-gaze group" or "nonjudgment group", it was suggested that a visual stimulus like the third slide of Visual Task 2 could not only get interests but also promote visual orientation and gaze of people with SMID whose developmental age were low. In this study, we presented that the increase or decrease of oxy-Hb changes of people with SMID depended on gazing or non-gazing at visual stimuli by using NIRS to evaluate their visual function. We also showed that NIRS could be used to infer visual function of a subject whose gaze could not be evaluated by visual observation. The data of oxy-Hb changes alone are not capable for neither assessing subjects' understanding of the presented stimuli nor judging just watching or gazing at the stimuli. By gathering information on their daily livings and evaluating the information together with oxy-Hb changes, the subjects' visual function might be assessed in properly and objectively. Since it is impossible for people with SMID to use MRI with NIRS, it is difficult to identify the primary visual area of them by using NIRS alone. However, by using a multi channel NIRS and employing the International 10-20 system of Electrode Placement, we could capture responses from people with SMID to visual stimuli by analyzing data from the channel that showed the largest oxy-Hb changes. This result suggests that a multi channel NIRS is more applicable for evaluating people with SMID than other NIRS evaluations. The difference in the characteristics of visual stimuli could affect the responses and the dynamics of blood flow in brain of people with SMID. A continuous support from infant to adulthood is required in occupational therapy for people with SMID. A program of occupational therapy that is aimed to promote their visual attention is necessary and important. We presented that there was a visual stimuli that tended to attract visual interests of people with SMID. An activity of employing such visual stimuli should be conducted in the daily living of people with SMID as well as in their rehabilitation program.
